disease-associated dsRNAs and three proteins of Mr 120K, 115K and 90K. Two of these viral proteins were easily cleaved by proteases present in the fruit bodies, without affecting the morphological appearance, migration in Nycodenz density gradients or dsRNA content of the virus.
Up to 10 major dsRNAs have been observed in diseased fruit bodies and mycelium of the cultivated mushroom Agaricus bisporus (Marino et aI., 1976; Hicks & Haughton, 1986; Ross et al., 1986; Deahl et al., 1987; Koons et al., 1989; Wach et al., 1987; Harmsen et al., 1989; Morten & Hicks, 1992) . In The Netherlands, nine dsRNAs ( Fig. l b) are associated with the disease: L1 (3'6 kbp), L2 (3"0 kbp), L3 (2'8 kbp), L4 (2.7 kbp), L5 (2.5 kbp), M1 (1"6 kbp), M2 (1'35 kbp), S1 (0.86 kbp) and $2 (0'78 kbp). One dsRNA (L6) is also present in healthy fruit bodies (Harmsen et al., 1989) . Of these, L3, M1 and M2 have been sequenced (Harmsen et al., 1991) . Fruit bodies from diseased crops have been reported to contain isometric particles of various diameters, 25 nm and 34 nm being the predominant types, in addition to a bacilliform particle of 19 x 50 nm containing ssRNA (Tavantzis et al., 1980 (Tavantzis et al., , 1983 . However, particles of these three types have also been found in apparently healthy fruit bodies (Van Zaayen, 1979; Frost & Passmore, 1980) . At present the only correlation is between the disease and the presence of nine, or sometimes fewer, dsRNA molecules (Harmsen et al., 1989; Morten & Hicks, 1992) . Barton & Hollings (1979) reported that 25 nm particles (MV1) contain two dsRNAs (both about 2 kbp) and that 34 nm (MV4) particles also contain two dsRNAs (2 and 2-2 kbp). Sriskantha et al. (1986) reported the isolation of two dsRNA segments (6"3 and 2 kbp) from 34nm particles, one of the dsRNAs being larger than observed t Present address: Department of Internal Medicine, University of Groningen, Oostersingel 59, 9713 EZ Groningen, The Netherlands.
by Barton & Hollings (1979) . Recently, Goodin et al. (1992) reported the isolation of 36 nm particles (probably similar to the 34 nm particles referred to above) associated with the disease-specific pattern of nine dsRNAs. The particles were reported to contain three proteins of/14,. 63K, 66K and 129K. Here we describe a method to purify the 34 nm particles together with the nine disease-associated dsRNAs and proteins of Mr 90K, 115K and 120K. We suggest that the proteins of lower M r seen by others could represent proteolytic artefacts.
Diseased fruit bodies of A. bisporus, immediately frozen in liquid nitrogen after picking, were obtained from the Mushroom Experimental Station (Horst, The Netherlands). Samples of frozen fruit bodies (0.5 g) were ground under liquid nitrogen using a mortar and pestle and the frozen powder was suspended in 3 volumes of ice-cold 50 raM-sodium phosphate buffer pH 7'5 containing 0.2% 2-mercaptoethanol (NaPB-7-5), with 1 lag/ml pepstatin, 1 lag/ml leupeptin and 50 lag/m] PMSF (all from Sigma). All further operations were carried out at 4 °C. Cellular debris was removed by centrifugation (10000g for 10min). The supernatant was filtered through glass wool and immediately loaded onto a 12 ml preformed gradient of 0 to 80 % Nycodenz (Nycomed; Rickwood, 1983) in NaPB-7"5 using a standard gradient mixing device. After centrifugation in a swing-out rotor (type TST 41.14; Kontron Instruments) for 3 h at 300000 g, the gradient was fractionated into 0-5 ml portions. The nucleic acid content of 0.1 ml of all fractions was immediately analysed by phenolchloroform extraction and precipitation of nucleic acids as described by Sambrook et al. (1989) . For the analysis of total dsRNA from fruit bodies (Fig. 1 b) the method of (1%) analysis of nucleic acids extracted from a 0 to 80% Nycodenz gradient. Diseased fruit bodies were first ground in liquid nitrogen, suspended in NaPB-7.5 and then separated in the gradient by low-speed centrifugation (fraction 1 represents the fraction with the highest density). The nine disease-specific dsRNAs are present in fractions 6 and 7 and L6 dsRNA is present in fraction 12. Single-stranded RNA is present from fraction 9 up to the top of the gradient. (b) Disease-specific dsRNAs (pooled fractions 6 and 7) and the L6 dsRNAs (fraction 12) after Nycodenz density-gradient centrifugation of particles, showing complete separation of L6 dsRNA from the other dsRNAs. The lane designated 'Total' contains total dsRNAs isolated from diseased fruit bodies. Morris & Dodds (1979) was used. As shown in Fig. 1 (a) , fractions 6 and 7 contained the full complement of nine disease-specific dsRNAs. The L6 dsRNA, also present in healthy fruit bodies, was present in gradient fraction 12 at a lower density. The electrophoretic mobilities of the nucleic acids of these fractions are compared with those of total dsRNA extracts from diseased fruit bodies in Fig. 1 (b) . The dsRNA nature of these nucleic acids was confirmed by showing that they were resistant to RNase A in 1 x SSC but sensitive to RNase A in 0"1 x SSC and unaffected by DNase I (data not shown). Single-stranded RNA (sensitive to RNase at high salt concentrations) can be seen in fractions from 9 up to the top of the gradient (Fig. 1 a) . For electron microscopic analysis, fractions (0-4 ml) containing the disease-specific dsRNAs were diluted with 11 ml of NaPB-7.5 and centrifuged at 150000 g for 0.5 h. The pelleted fractions were resuspended in 10 gl of NaPB-7.5 and particles in 2 gl samples allowed to adhere to a formvar-coated copper grid (400-mesh) for 1 rain. The adhered material was negatively stained with 2 % phosphotungstic acid (adjusted to pH 7 with KOH) and examined with a Philips EM201 electron microscope. Fig. 2 shows that fractions 6 and 7 contain isometric virus particles measuring 34 nm. None of the other virus particles found in unfractionated fruit bodies was present in this fraction. Although fraction 12 was expected to contain particles, none were found. This may be because this fraction contained too much undefined particulate material including many host proteins (data not shown). To determine the protein content of fractions containing the disease-specific dsRNAs, pelleted material of these fractions (as described above) were dissolved by heating (100 °C for 2 min) in 10 to 20 ~1 of SDS sample buffer and analysed by 7-5% SDS-PAGE (Laemmli, 1970) . The gels were then silver-stained (Merril et al., 1981) . If fruit bodies were not immediately frozen after picking and no protease inhibitors were added to the extraction medium, a complex protein pattern was observed, as shown in Fig. 3 (lane 1) . These proteins were absent from similar gradient fractions of extracts prepared from healthy fruit bodies and thus probably represent viral proteins. Three of these protein bands with Mr values of 115K, 90K and 65K were electro-eluted for antibody production (Fig. 3, lane 1) . Rabbits were subcutaneously injected five times at 10 day intervals with the electroeluted proteins in Freund's complete adjuvant (1 : 1 v/v). Non-specific antibodies were removed by incubating the The bar represents 100 nm. antisera with proteins, extracted from healthy A. bisporus fruit bodies, immobilized on polyvinylidene difluoride membranes (Immobilon-P; Millipore). When following the procedure finally adopted, which was designed to avoid proteolysis as much as possible, the protein pattern shown in Fig. 3 (lane 2) was obtained. Lane 1 shows proteins ofM r 120K, 115K and 90K after silver staining of the blot. Lanes 2 to 4 show specific reactions of these proteins with the antisera against the proteins indicated in Fig. 3 , lane 1. Detection was with goat anti-rabbit antibodies conjugated with alkaline phosphatase (Boehringer Mannheim) using nitro blue tetrazolium 5-bromo-4-chloro-3-indolyl phosphate as a substrate (Harlow & Lane, 1988) . (b) Western blots of 7.5 % polyacrylamide gels of total protein extracts from diseased fruit bodies reacted with the same antisera. Fig. 4 (a) shows the reaction of these undegraded proteins with the three antisera (dilution 1:500 to 1:1000). Fortuitously, each of the three antisera, obtained against the proteins shown in Fig. 3 (lane 1), specifically reacted with one of the three undegraded viral proteins. The antibodies raised against the proteins of Mr 115K and 90K still reacted with proteins o f the same sizes (lanes 3 and 4), but the antibody against the protein o f Mr 65K specifically reacted with a protein migrating at Mr 120K. The three undegraded proteins of M r 120K, 115K and 90K could also be detected in Western blots of total protein extracts from diseased fruit bodies (Fig. 4b) . The progression of proteolysis was followed by allowing ground fruit bodies to stand at room temperature for 1, 2 and 4 h prior to adding extraction buffer. After gradient centrifugation, intact virus particles were observed in all these extracts and all contained the nine disease-specific dsRNAs. However, as shown in Fig. 3 (lanes 3 to 5) , during standing at r o o m temperature progressive degradation of the proteins occurred with prominent bands arising at M r 65K and 60K; only the protein of M r 115K was relatively stable. Several of the degradation products shown in Fig. 3 (lanes 3 to 5) reacted with the antisera specific for the proteins o f Mr 120K and 90K. For instance, the proteins o f M r 65K and 60K shown in lane 5 reacted with the antisera against the proteins of M r 120K and 90K, respectively (data not shown).
The pattern o f degraded viral proteins (Fig. 3, lane 5) closely resembles that reported by G o o d i n et al. (1992) and earlier by Barton & Hollings (1979) . It is thus suggested that the morphologically intact virus particles isolated by these authors were proteolytically degraded. It was recently shown that proteolytic activity in A. bisporus fruit bodies is strongly induced after picking (Burton et al., 1993) . We assume that the viral proteins of Mr 120K, l15K and 90K are encoded by the disease-specific dsRNAs. The L1 dsRNA (3-6 kbp) and possibly the L2 dsRNA (3'0 kbp) may contain sufficient coding capacity to encode the 120K and l15K proteins, particularly since the apparent high M r weight of these proteins on gels may be due to post-translational modifications, as was shown for mycovirus proteins found in Helminthosporium victoriae (Ghabrial et al., 1987; Ghabrial & Havens, 1992) . The protein of M r 90K could be encoded by any one of the L dsRNAs but M 1, M2, S 1 and $2 seem to lack sufficient coding capacity.
It is possible that the two most abundant viral proteins detected in this study (M r values of 120K and 90K) represent capsid proteins, whereas the less abundant and proteolytically resistant protein of Mr l15K may be located inside the virus capsid and represent the RNAdependent RNA polymerase. At this point, however, it is still possible that the three proteins represent the major capsid proteins of three different viruses measuring 34 nm. Further research will address these problems.
